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COMPUTED TOMOGRAPBY SCANNER WITH LARGE GANTRY BORE 

Backgroiii^d 1>f t^f Trfl"?lT'7n 
The following relates to the diagnostic imaging arts. It finds particular 
application in interventional computed tomography, that is. in computed tomography imaging 
for providing visualization in interventional procedures, and will be described with particular 
reference thereto. However, it also finds appUcation in other areas of computed tomography 
imaging that benefit fiom rapid imaging of a large field of view. 

Computed tomograplv imaging is increasingly used to assist in interventional 
medical procedures. For example, biopsy of internal tissue benefits fiom using computed 
tomography imaging to determine and guide the needle route during the tissue extraction 
Focess. Computed tomograply can also be used to monitor fluid dnrfnage procedures 
Cbmplex oncology radiation therapy procedure, are suitably preprogmmmed using imaging 
and radiation absorption profiling data acquired by computed tomograplqr imaging. 

An interventional computed tomography scanner preferably has a large gantry 
bore to accommodate both the patient and insti^ents used in the interventional procedure A 
large bore is also use&l to accommodate patients who may be ammged in other than a prone 
position during the interventional procedun,. Th. patient is positioned in the bore, with the 
organ or region that is the subject of the interventional procedure positioned at or near bore 
center. Uris central region of the field of view is of primary interest during the interventional 
procedure, and is preferably imaged at high spatial and temporal resolution. 

Additionally, for many interventional procedures it is beneficial to provide 
mmgmg over a larger field of view surrounding the central region of primary interest. For 
mstance, during a biopsy it is usefol to image the needle throughout flie needle route 
preferably begimring with its initial insertion into the patient. Similarly, in radiation therapy thi 
c«itial region preferably contains the orgw that is to receive therapy; however, the entire path 
of the radiation beam through the patient is preferably imaged to ascertain that there are no 
beam obstructibns or sensitive critical stnictiires that should be avoided. 

Although it is beneficial to image both the central region containing the target 
organ and also surK,unding regions, the imaging in the surrounding regions may be 1^ 
and can be acquired at lower spatial and temporal resolution. Moreover, even though today's 
scanner, typically contain an an, of uniform^ detectors, spatial resolution degrades as a 
fenction of the distance fiom scan center due to fte focal spot optics, in spite of these optical 
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limitations, existing computed tomography scamieni attempt to provide a unifbnn spatial and 
temporal resolution throughout the field of view. 

Existing computed tomography scanners generate a fan or conebeam of x^ys 
that interact with a generally circular or cylindrical imaging volume. Tbc field of view is 
. detennined by the flu, angle of the fan or conebeam. and Ae imaging volume is divided into 
voxelB of a selected spatial size, based on detector geometiy. and temporal resolution. As a 
lesult. ,f the x^y beam is made large enough to interact with both the organ of interost and 
surrounding tissues, both the organ of interost and the surrounding tissues aro images at the 
««» spatuU and temporal rosotation. However, it is known that the image quality ^ically 
degrades for outlying portions of the imaging volume for various roasons. such as focus 
unperfections. increased x«y scatter, roconstruction^toted artifiicts. and the like. 

Thus, existing scamiers acquire wmecessarily targe quantities of data in the 
outlymg areas of the imaging vohm«. and additionally these large quantities of data do not 
translate into corrospondingly high quality roconstrocled images of the outlying aroas. Large 
imaging volume is obtained with these existing scamiera at the expense of large and expensive 
x-ray tubes, large-aroa and correspondingly expensive high resolution x^y detector arrays 

aiidhighdataacquisitionratesthattransteteintodegradedimagereconstructionperfo^ ' 
Li addition to a large bore and large field of view, an interventional computed 
tomography scanner preferably also has high temporal and spatial resolution. Temporal 
r^olution is limited in part by the gantry rotation rate. A 180« segment of projection data, 
winch is generally sufficient to perform image reconstruction, is acquired over about a 
half^tation of the gantry. At a gantry rotation rate of 200 rpm. this corresponds to a temporal 
tesohition of about 150 milliseconds. 

Temporal and spatial resolution can be improved by addition of a second 
radiation souree angul^ly offeet &om the furst radiation souroe on the rotating gantry By 
combining pr^ection data of both radiation sourees. temporal resolution is improved to about 
75 milliseconds for the exemplary 200 rpm rotation rate. However, gantry space problems arise 
m attempting to integrate a second radiation source along with its power supply, cooling 
cmnut. and other associated h«dware onto the gantry of an interventional computed 
tomography seamier or other large bore, large fieldK,f.view scamper. When each element of the 
radiation detectors is limited to receivmg radiation from one of the two radiation sources, the 
angular displacement between the x-ray sourees limits the fim angles. Limiting &e fan angle 
disadvantageousty limits the field of view. 

The present invention contemplates an improved apparatus and method that 
overcomes &e aforementioned limitations and others. 
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Brief Summary of the Invention 
' According to one aspect^ a computed tomography imaging system is disclosed. 
A rotating gantry defines an examination region. A first radiation source is disposed on the 
rotating gantry and is arranged to emit first radiation into the examination region. A second 
5 radiation source is disposed on tiie rotating gantry and is arranged to emit second radiation into 
• the examination region. The second radiation source is angularly spaced around the gantry 
from the first radiation source. A first radiation detector is arranged to receive the first 
radiation. A center of the first radiation detector is angularly spaced around Ae gantry from the 
first radiation source by less tiian 180^ A second radiation detector is arranged to receive the 

10 second radiation. A center of the second radiation detector is angularly spaced around the ' 
gantry from the second radiation source by less than 180^ A reconstruction processor 
reconstructs projection data acquired during gantry rotation by the first and second radiation 
detectors into one or more image representations. 

According to another aspect, a computed tomography imaging system is 

15 disclosed. A rotating gantry defines an examination region. The examination region includes a 
central region that contains a center of rotation of the rotating gantry and a surrounding region 
that sunounds the central regioxL The rotating gantry fbrther defines a gantry plane of gantry 
rotation and an axial direction. A first radiation source is disposed on the rotating gantry. The 
first radiation source produces first radiation directed into the examination region. A first 

20 ^ radiation detector array is arranged to receive the first radiation after the first radiation passes- 
through the examination region. The first detector array includes: a high resolution portion with 
detector elements of a first size tiiat receive first radiation fhat passes fiirous^ the central 
region; and a low resolution portion with detector elements of a second size tiiat receive first 
radiation tiiat passes through the surrounding region but not the centra] region. The second size 

25 is larger than tiie first size. A reconstruction processor reconstructs projection data acquired 
during gantry rotation by at least the first radiation detector array into an image representation. 

According to yet another aspect, a cortq>uted tomography imaging metiiod is 
provided. First radiation is passed througfh an examination region. The examination region 
Jncludes a central region and a surrounding region. Central projections are measured 

3 0 . corresponding to rays of first radiation that intersect the central region. The measuring uses a 
first high-resolution detector array that has a first spacing of detector elements. Surrounding 
projections are measured corresponding to rays of first radiation that intersect the surrounding 
region without intersecting the central region. The measuring uses a first low-resolution 
detector array that has a second pacing of detector elements which is larger than the first 

3 5 spacing. The central projections and the surrounding projections are reconstructed to generate a 
' reconstructed image representation. 
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According to stiH yet another aspect, a computed tomography imaging method 
is provided. First and second angularly rotating and angularly offset asymmetric radiation 
beams are passed flirough an examination region. The first and second angularly rotating and 
angularly offset asymmetric radiation beams define a central region that is continuously 
sampled by both first and second asymmetric radiation beams during the angular rotating and a 
suiTOunding region that is not sampled over a portion of the angular rotating. The first and 
second asymmetric radiation beams are detected after said beams pass through the examination 
region to generate first and second radiation projection data. Voxels are reconstructed based on 
the first and second radiation projection data. The reconstructing includes smoothing projection 
data of voxels in a transition region between the central region and the surrounding region. 

One advantage resides in inq)rovcd temporal and spatial resolution for large 
bore, large field-of*vicw conqputed tomography scanners such as interventional conq>uted 
tomography scanners. 

Another advantage resides in providing high resolution in a central region of 
the examination region, coupled with a reduced resolution in a surrounding region of the 
examination region that surrounds the central region* 

Another advantage resides in more efficient image reconstruction by reducing 
the amount of projection data acquired for the surrounding region which is of less interest, as 
compared with the central region that ccmtains the principal subject of imaging. 

Yet another advantage resides in providing simultaneous acquisition of dual 
energy projection data to provide enhanced contrast in reconstructed images. 

Still yet another advantage resides in providing both angularly and axially 
of&et radiation sources to inqnrove spatial and/or temporal resolution. 

Numerous additional advantages and benefits will become Bpparmt to those of 
ordinary skill in the art upon reading the foUowmg detailed description of the preferred 
embodiments. 

Brief Description of the Drawings 

The invention may take form in various components and arrangements of 
components, and in various process opemtions and arrangements of process operations. The 
drawings are only for the purpose of illustrating preferred embodiments and are not to be 
construed as limiting the invention. 

FIGURE 1 diagrammatically shows an interventional computed tomography 
imaging system including two angularly spaced-apart radiation sources. 
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FIGURE 2 diagrammatically shows the gantry of the computed tomognqpliy 
scanner of FIOURE 1, wifh Uie radiation fans produced by the two radiation sources aiid the 
central and surrounding imaging regions shown. 

FIGURES diagrammatically shows another gantry embodiment of the 
5 computed tomography scanner of FIGURE. U in which one of die radiation detectors has 
detector elements at a constant radius fiom the source. 

FIGURE 4 shows a suitable non-statioiuury filter for smoofliing a transition 
between projection data acquired using the high-resolution and low-resolution portions of the 
radiation detectors. 

10 FIGURES shows exemplary angular weighting functions used, in 

reconstructing voxels of the transition region. 

FIGURE 6 diagranunatically shows a gantry supporting a single radiation 
source ttiat operates in conjunction with a symmetric radiation detector including a 
high-resolution central detector portion and low-resolution outer detector portions. 

Detailed Descrlotlon of the Preferred Embodiments 
15 With reference to FIGURES 1 and 2, a computed tomography imaging scanner 

10 includes a stationary gantry 12 \yitii a bore 14 that defines an examination region 16. For 
interventional applications, the bore 14 is preferably a large bore, such as a bore of around 800 
mm diameter. However, flic bore 14 can be smaller tfian fliis. A rotating gantry 20 (indicated 
diagrammatically in FIGURES 1 and 2) is rotatably mounted in the stationary gantry 12. First 
20 and second radiation sources 22, 24, which are preferably x-ray tubes collimated by collimators 
26, 28 into fiin or conebeams, are arranged cm die rotating gantry 20 at an angular spacing of a 
around ttie gantry, where a preferably equals 90^ The radiation sources 22, 24 rotate widi the 
rotating gantry 20. 

A first radiation detector 30 is arranged to receive first radiation 32 produced 
25 by the first radiation source 22 after the first radiation 32 passes trough the examination 
•region 16. The first radiation detector 30 is arranged asynrnietrically wifh respect to the first 
radiation source 22. That is, a center of the first radiation detector 30 is angularly spaced firom 
the first radiation source 22 by less than 180° around fee gantry. The first radiation detector 30 
spans an angular interval of the gantry that, in the illustrated embodiment, is greater than 90° so 
30 as to enable imaging over a large field of view. 

Similarly, a second radiation detector 34 is arranged to receive second 
radiation 36 produced by the second radiation source 24 after the second radiation 36 passes 
through the examination region 16. The second radiation detector 34 is arranged 
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Wtrically with respect to the second radiation source 24. n»t is, a center of the second 
radiation detector 34 is angularly spaced from the second radiation «,u«e 24 by less than 180* 
around the gant^^. The second radiation detector 34 praferably spans an ««ul.r interval of the 
gantry that, m the illustrated embodiment, is g,«iter than 90- so «i to enable imaging over a 
large field of view. 

With prtcuh, «6™c. to FIQWRE 2. *c u,n^ „ 
<ta«.W « ™« A „„,., 3.. i,. u» „, ^.^ ^«„^ 

"dK««i by in HOira 2. Tl« fl« „rfi.H.„ 

M to p™l«. fl« ™H«ion 32 in „ „ 

<l»«l«) '^'tato»di«ion«»«22.*.ft„.f«,a«^^3jj,,,.j,,^ 

^H«tor wl* «p.ct to fte ■««lon.l ca«., 3«. Sin^lariy. a„ «^ „^i.«^ 
«c«rf «di«i.n 3« to „ ...^ ^ 

« . tonrngl. to .nb«««ldly .p.n a» ^ 
of ^ «B«ion d««*, 34 i. .p«»d .« a.., ,80- 

rotational center 38. 

3« « a*us«bl., i. to «.b„<to.„, «^ ^ „^ 2. h- . «,ge d.«nin. 
. fh«l ft« cdg. of U» a,. „rfia«» 32. ™d .<j„a.bl. edge deanc mnonn, <rf 

jn«nc. Si^il^v. fl» second ™di.«on collimator 28 has . fl,ed .nd « .fljnstob.. 

to. a. it, ntoun, scMng deSncs a aj^^nic «igc 42. On ft. oBier hmd, « a 
n»x,n»m ,«,„, ^ , 44 of fte fl« „dia«on 32 

B Kl«>ted. TU. 3^,^ of a„ ii« rM^^ 32. sinrfUrly a, a 

~xnn« aattng of „Uta«,<, 2«. a n»,i^ 
36 » s.l«».d, provldinj nmimum aaynnndiy of the second nuliatlon 36. 

Typicrtly. fte nttohnum settings of the colli„„to>» 26, 28 «e ua«l to reduce 
«^ of th. hnaging ^ ^ . l-g. Md of view is no. particularly use«„. 

"T* '■*™««-' symmetric «^ n^mum 

~ncsettn^canb..„,p,.^to,^.ffb.^^^^^^^ ^^^^^ 

Of v.«,. Aldtougb a„mn«riclly «„Bma«n, as. 2. ^h^tageoualy enable con^ol 

Of radtanon «^ o, the U .u. ,ont«pl«.d to en,*^ non.u,u«.hl. 

cllm«„rsthatp,o*I.non^„«able«,™«ricn«li«ionbe»n.. 
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nic aoymmetric fan-beam or conebeam of the first and second radiation 32, 36 
is suitably considered as a combination of symmetric and asymmetric beam components. The 
symmetric edge 40 separates the symmetric and asymmetric beam components of the first 
md.at.on 32. and the ^rmmetric edge 42 separates the symmetric and asymmetric beam 
5. ««Vonent8ofthe second mdiation 36. lT,e symmetric beam components 

centered on the rotational center 38. With the collimators 26. 28 at their minimum settings 
only the symmemc beam component is opemtive. As the adjustable collimators 26. 28 are 
opened bqrond their minimum settings, additional asymmetric beam portions are introduced. 
^ edges 44. 46 conespond to 

0 where otherwise noted, hereinafter the cottimaton, 26. 28 will be assumed to be at thei^ 
max.mum asymmetric settings to provide maximum a^ymmetiy of the fi«t and second 
rad.ation 32. 36, and maximum field of view. 

During rotation of the rotating ganliy 20 about the rotational center 38, the 

beam component of each of the first and second radiation fbu. or cones 32^ 
5 continuously irradiates a cential i^on 48 of the examination region 16. TT« centnU region 48 
contains and is centered on tiie rotational center 38. For any angular position of the gant^r 20 
the symmetric beam component of each of the two radiation fims 32. 36 irradiates eveiy voxeJ 
contained in the central region 48. Since voxels contained in the centml region 48 are 
continuously irradiated by both radiation sources 22. 24. a gantry rotation of approximately 90«> 
enures 180» of angular coverage for voxels contained in tire central region 48. Assuming a 
180 angular span of projections is sufficient to reconstruct the voxel, tiiis gives an average 
temporal resolution for voxels contained in the central region 48 of about: 



4. 4f^ (1). 



30 



where is the period of gantry rotation. f„^ is tiie gantry rotation fiequency. and 
IS the temporal resolution for voxels in the central region 48. For an exemplaor gantry rotation 
rate of fg^200 rpm. T^=300 milliseconds and X^^is milliseconds. 

Outside of the central region 48. voxels are not irradiated continuously by the 
^tric beam components. Moreover, some voxels contained in a surrounding region SO 
tirat surrounds tire central region 48 receive ISO" angular coverage over a gantry rotational 
mt«^l greater fl«n 1 80- due to irradiation by the symmetric beam components and additional 
.nadration by tire asymmetric beam components, nris gives a temporel resolution for voxels 
contmned in ti.e surrounding region 50 ti«t may be only about half tire temporal resolution of 
the voxels m the central region 48. Hence, for tire exemplary 200 rpm gantry rotation, tirere are 
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voxels in the surrounding region that an completely reoonstnicted with a temporal lesolution 
of only about ISO milliseconds. 

In a prefetred embodiment, the first radiation detector 30 has a hi^ resolution 
detector portion 54 that receives the symmetric beam component of the first radiation 32, and a 
low resolution detector portion 56 that receives the asymmetric beam component of the first 
radiation 32. As seen in HGURE 2. the rays of the symmetric beam component of the first 
radiation 32 pass through the central region 48. Thus, the high resolution detector portion 54 
receives that portion of the first radiation 32 that has passed through the central i^gion 48. Also 
as seen in FIGURE 2. the rays of the asymmetric beam component of the first radiation 32 pass 
through the surrounding region 50 but do not pass through the central region 48. Thus, the low 
resolution detector portion 56 receives that portion of the first radiation 32 that has passed 
through the surrounding region 50 but not flirough the central region 48. Similarly, the second 

radiation detector 34 has a high resolution detector portion 60 that receives the ^ 
component of the second radiation 36 that has passed through the central region 48, and a low 
resolution detector portion 62 that receives the asymmetric beam component of the second 

radiation36thathaspassedthroughthesurroundingr«gion50butnotfliecent«Ire8ion48 » 
wiU be appreciated that if the collimators 26. 28 are reduced to their minimum setto 
remove flie asymmetric beam components, then the low resolution detector portions 56. 62 do 
not receive radiation. 

In one embodiment, the detector portions 54, 56. 60. 62 all have detector 
elements of the same size. In this embodiment, detector elements of the Ugh resolution detector 
portions 54. 60 have the same size as detector elements of the low resolution detector portions 
56. 62. However, this embodiment of the radiation detectors 30. 34 is not optimal, because it is 
known that the image quality degrades for outlying portions of the imaging volume for various 
reasons, such as focus imperfections, increased x-ray scatter, reconstruction-related artifiicts. 
and (he like. Projection data acquired by the low resolution detector portions 56. 62 are' 
generally less accurate compared with projection data acquired by the high resolution detector 
portions 54 60, due to the larger fan angle components of projections acquired by the low 
resection detector potions 56, 62. 

Therefore, in a prcfened embodiment, detector elements of the low resolution 
detector portions 56, 62 have a larger size than detector elements of the high resolution detector 
portions 54. 60. TTiis size. difference can be obtained by febricating different detector arrays 
with different anay element sizes fbr &e low resolution detector portiom, 56, 62 and for the 
high resolution detector pwtions 54. 60. 

Alternatively, a single detector anay or multiple arrays having the saiiie array 
element size can be used for all detector portions 54. 56. 60. 62. In this embodiment, the larger 
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detector elements of the low lesolution detector portions 56. 62 are obtained by inteiconnecting 
a plurality of neighboring anay elements to defme each of the larger detector elements of the 
low lesolution detector portions 56, 62. In a particularly prefened embodiment for a conebeun 
geometry, each low resolution detector element is constructed by intereomiecting a square or 
recttogle of four anay elemen.5. In such an arrangement with exemplary array elements of 
0.75 mmxO.75 mm array elements, the detector elements of the high resoluHon detectors 54. 60 
each correspond to a single array element and thus have dimensions of 0.75 mmxO.75 Ln, 
while the detector elements of the low resolution detector portions 56. 62 each correspond to 
four intereomiected array elements and thus have dimensions of 1.5mmxl.5 mm. fe a 
fim-beam geometry dmt uses a linear detector array, neighboring pairs of array elements can be 
mteroomiected to reduce resolution ftom. for example, 0.75 mm. to 1.5 mm. In general, the 
intercomiecting results in detector size for the low resolution detector portions 56. 62 being an 
mteger multiple of detector size fwr the high resolution detector portions 54. 60. 

In addition to embodying the high resolution detector portion 54, 60 and the 
low resolution detector portion 56. 62 as a single detector array by interconnecting array 
dements in the low resolution detector portion 56, 62, it is also similarly possible to combine 
tfie detector amiys 30. 34 as a single wiitary detector array fliat i. differentiated into the 
detector anrays 30. 34 fUnctionally by the electrical comiections. On the other hand, if differ^t 
physical detectorarrays are usedforthefinrtandseconddetectorarrays 30. 34. then optiomilly 
the detector elements of the array 30 arc differently sized fiom the detector elements of the 
«ray 34. However, to facilitate image reconstruction it is ^ically preferable to use detector 
elements of the same size for the high resolution detector portions 54, 60 of the two detector 
arrays 30, 34, and to similarly use detector elements of the same size for the low resolution 
detector portions 56, 62 of the two detector arrays 30, 34. 

With continuing reference to HGURE 2. the first and second radiation 
detectors 30, 34 preferably further include corresponding first and second anti^tter grids 66 
68 that are focused on the corresponding first and second radiation sources 22, 24 Each 
anti^tter grid 66, 68 includes spaced-apan radiation-absorbing vanes aligned with radiation 
rays emanatmg ftom the corresponding radiation source 22. 24. In HGURE 2. only a few 
widely spaced representative vanes are shown. Existing anti-scatter grids include a higher 
d^isity of more closely spaced vanes. THe closely spaced vanes absorb scattered radiation 
while allowing direct mdiation to pass between vanes substantially unattenuated. The radiation 
detectors 30. 34 are centered on the rotatiomU center 38 rather'than on the respective radiation 
sources 22, 24. 
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With reference to nGURB3. in a modified embodiment, the rotationally 
centered first radiation detector 30 is replaced by a souice-focused nuliation detector 30' that 
mdudes high and low resolution portions 54'. 56' analogous to the high and low lesolution 
portions 54, 56 of the radiation detector 30. The souxce-focused radiation detector 30» has a 
curvature along the fim direction that is focused on the first radiation source 22. An anti-scatter 
gnd 66' of the radiation detector 30' is also focused on the first radiation source 22. Optionally 
the second mdiation detector 34 can also be replaced by a source-focused radiation detector. ' 

The source-focused radiation detector 30' advantageously enhances 
reconstruction speed .lqr eUminating rebinning operations that compensate for the curvature 
mismatch between the radiation detector 30 and the position of the f«t radiation source 22 
However, curvature mismatch between the source-focused radiation detector 30' and the 
n.«mg gantry 20 may complicate mechanical mounting and support of the source-focused 
«d«tion detector 30^ Moreover Jf focal spot modulation is ««d. improved sa^^^^ 
with the rotationally centered detector geometry provides improved spatial resolution over a 
substantial portion of the field of view. 

With returning reference to HOURES 1 and 2. those skilled in the art will 
recognize thatthereisapossibilityofcross-talkbetweenthefirstsour^^^ 30 
and the second source-detector system 24. 34. First radiation 32 generated 1^ the fn« mdiation 
source 22 can scatter into the second radiation detector 34 and contribute to noise. Similarly 
second radiation 36 generated by the second radiation source 24 can scatter into the firsi 
radution detector 30 and contribute to noise. The anti-scatter grids 66. 68 substantially reduce 
such cross-talk noise by absorbing most of the scattered radiation. However, most radiation is 
scattered by smaU amounts with progressively less scatter at higher scattering angles. Detector 
el«nente in the vicinity of unattenuated scatter radiation will tend to receive the most cross-talk 
norse. Optionally. ti.e height of tf.e anti-scatter grid vanes in tiiese areas are increased to reduce 
the cross-talk noise. As anotiier option, a radiation source contn,lIer 70 causes tire radiation 
output of the so«ce8 22. 24 to alternate between radiation generation by ti,e first radiation 
s.u»e 22 and radiation generation by the second radiation source 24 to ensure that only one of 
fte nwhation sources 22. 24 is generating radiation at any given time. In ti.e case of x-ray 
vacuum tube sources, modulation of radiation generation fiom the sources 22. 24 is achieved in 
one contemplated embodiment by modulating an electrostatic potential of a grid in front of the 
mbe filament to effect a substantial reduction or complete electrostatic pinchoff of the x-rays 

generation of the radiation sources 22. 24 cross-talk can be substantially reduced. 

In one preferred embodiment for interventional computed tomography 
apphcations. the scam«r 10 has the fonowi«g exemplary dimensions, in which all Zi Z 
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referenced to the rotational center 38 of the rotating gantry 20. A radius of the bore 14 is 
about 400 nun. providing a large 800 nun diameter opening for accommodating an imaging 
subject and instruments associated with the interventional procedure. The sources 22 24 are 
arranged at a radius of (SOO mm. while the radiation detectors 30. 34 are at a radius of d50 mm. 
^ that the source-tOKtetector dist«,ce is about 1250 mm. n,e vanes of the anti-scatter grids 66. 
68 extend about 50 mm mdially im^. The fin angles and sourtCHietector angular spacings 
are selected to define a radius R.««, of the high resolution central region 48 of about 200 mm. 
and a radius of the low resolution surrounding region 50 of about 300 mm. In this 

preferred embodiment, the gantry rotates at about 200 rpm. These dimensions are exemplary 
only; those sWUed in the art can readily select appropriate dimensions for specific applications 
With returning reference to HGURE 1 , a support element 72. such as a couch, 
supports the imaging subject in the examination region 16. preferably with the region of 
mterest substantially centered in ti« central region 48. Preferably, the support element 72 is 
linearly movable in an axial or z^iircction (indicated in FIGURE 1). n« r^auble gant^r 20 
defines a gantry plane of gantry rotation. The axirf or 2^irection is generally iransvcrse to the 
gantry plane of gantry rotation, and is preferably perpendicular thereto. Ih die fan4H»m 
geometry, the support element 72 is optiomdly stepped between axial scans to acquire 
projection data for a plurality of axially spaced slices. In the conebeam geometry, stepped axial 
scans can also be used. Alternatively. i„ die conebeam geometry a continuous linear axial 
motion of the support element 72 is combined witii simultaneous rotation of die gantry 20 
during imaging to effect a helical orbit of the radiation sources 22. 24 about the imaging 
subject. For interventional computed tomography applications, tfie support element 72 typically 
«n«ms Stationary during die interventional procedure, and gantry rotation effects axial 
«amimg that acquires images of a selected slice. Imaging data acquired by tize first radiation 
detector 30 is stored in a firat projection data memory 76. while imaging data acquired by die 
second radiation detector 34 is stored in a second projection date memoiy 78. 

,rT^™„ . "^^"^^ to KGURE 1 and widi further reference to 

nOURE 4. notKstationary transition Altera 80. 82 are applied to d»e projection data of stored 
m the first and second projection data memories 76. 78. raspectively. to smooth a transition 
region T (indicated in HGURE 4) between die radius ^ of d« central region 48 and die 
«»«»unding region 50. In die exemplary dimensioned eriibodiment. die transition region T 

so. FIGURE 4 diagrammaticaUy shows a suitable non^tationary filter fimction which is a 
^ctiono radius R. for p«,vidingasmoodi transition fio^ 

48 to die low resolution sur^unding region SO. Alternatively, die high and low resolution 
regions can be reconstructed separately and combined. 
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Wiih continuing reference to FIOURB 1 and with ftirther reference to FIGURE 
the smoothed data from die two detectors is input into a reconstruction processor 86 that 
reconstructs the smoothed projection data into one or more image representations. A voxel 
cycling processor 90 ^cles through voxels of die field of view to be reconstructed. For each 
voxel, a weighting processor 92 weightedly combines projections that pass Ouough the voxel 
and inputs the weighted projection data sets to a convolution backprojection processor 94. 
FIGURE 5 shows exemplary weigihting functions for voxels located at radii R>400mm 
conreq>ondmg to an inner position of the transition region T, Rs<21S mm corresponding to an 
intermediate position within the transition region T, and R>-220 mm corresponding to an outer 
position of the transition region T. These radii values are referenced to fhe exemplary 
dimensioned interventional computed tomography embodiment. 

For voxels contained in the central region 48, that is, inside a radius of about 
200 mm, a symmetric 90^+90* weighting is suitably applied that weights and combines 
angularly adjacent 90"" segments acquired by the first and second radiation detectors 30, 34. 
The combined 90''+90° weighting covers 180** as indicated by the dashed line in FIGURE 5. 
Outside the approximately 200 mm radius of complete coverage, weights vary depending upon 
voxel position. Generally, as the voxel radius increases through the transition region T, the 
weighting shifts toward a more asymmetric weighting with a reduction in temporal resolution 
reaching about a factor of two. Thus, at K^IS mm corresponding to an intermediate position 
widiin the transition region T, the weighting is relatively asymmetric, and by the radius 
R»220 mm corresponding to an outer position of the transition region T the weighting is 
substantially asymmetric. The weights shown in FIGURE 5 for R»21S mm and R^220 mm are 
for select exemplary pixels at die mdicated radii; in general die weights depend upon die 
angular position as well as die radius R* The weights further depend upon whether an axial or a 
helical reconstruction is performed. For each voxel, the net angular weighting (that is, the sum 
of die individual weights) provides 180^ angular covonge, as indicated by the dashed line in 
the R'=215 mm and Rs220 mm weighting plots. 

Widi reference to FIGURE 1, the convolution baclqirojection processor 94 
implements a suitable backprojection method such as a parallel-rebinned and filtered 
backprojection. The selected backprojection is preferably suitable for reconstructing a 
relatively large volume such as a field of view encompassing the central region 48 and fhe 
surrounding region SO. This field of view has a radius of about 300 imn in the exemplary 
dimensioned embodiment. Although the backprojection processor 94 implementing parallel- 
rebinned, filtered baclq>rojection is illustrated, those skilled in the art can substitute odier types 
of reconstruction processors ttiat comport with specific cotnputed tomography geometries, 
available processing hardware and software, and so fordi. 
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The reconstructed image rqnesentation or image rqyr^sentations are stored in 
an image memory 98. The image representations are processed 1^ a video processor 100 to 
produce an image slice, thrcc-dimensiotud rendering, or other human-viewable representation, 
which is displayed on a display of a user interface 102. Rattier than a video display, the 
5 contents of the inmge memory 98 can be printed, transmitted over a local conq>uter network or 
the btemet, stored electronically, or otherwise processed In a preferred embodiment, the user 
interface 102 also enables a radiologist or other system operator to interface with a computed 
tomography scan controller 104 to configure, initiate, and control die imaging process 
performed by the computed tomography scanner 10. 
10 In the above-described reconstruction process, the first and second radiation 

sources 22, 24 produce first and second radiation 32, 36 that are generally monochromatic at 
the same energy. In this case the projection data acquired by the two radiation detectors 30, 34 
is suitably weighted and combined to generate an image with improved spatial and temporal 
resolution due to the use of ttie two radiation sources 22, 24. In another contemplated 
15 embodiment, however, the radiation sources produce radiation at different energies. In this dual 
energy embodiment, projection data corresponding to each of die two radiation sources is 
separately reconstructed to produce images at the two different energies. Aldiough, in this case, 
diere is no inq;irovement in temporal resolution, fiie two sets of images are acquired almost 
within a time interval of about Tgantvy/4 • This provides different tissue contrast for die two 
20 sets of images due to the difference in radiation energy. The images widi separate tissue 
contrast can be displayed separately, or they can be superimposed, subtracted, or odierwise 
combined to target a selected tissue contrast Alternatively, the projection data can be 
combined using a dual energy algoritiun that optimally combines die projection data based on 
known spectra to target the selected tissue contrast, and the combined projection data set then 

2 5 reconstructed to produce a reconstructed image with die selected tissue contrast 

In one suitable embodiment, the first and second radiation sources 22, 24 are 
co-planar, that is, lie in a central plane of the gantry or in a plane parallel thereto. la this 
arrangement the first and second radiation sources 22, 24 acquire projection data for the same 
axial slice. In another contemplated embodiment, the first and second radiation sources 22, 24 
30 are relatively axially offset by one-half of an axial spacing of detector elements of the radiation 
detectors 30, 34. This arrangement axially interleaves projections acquired by the first and 
second radiation detectors 30, 34 which reduces aliasing in the axial direction. 

In yet another axially offset embodiment, the first source-detector pair 22, 30 
and the second source-detector pair 24, 34 are separated axially by less than the axial 

3 5 dimension of the conebeam as measured at scan-center. This embodiment trades off improved 
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temporal resolution for increased axial coverage for scans with circular orbits. Due to the 
angular separation of the radiation sources 22, 24, fhe two halves of ttie volume will be 
acquired with a temporal shift of approximately Tgni&y/4. The two sets of acquired projections 
are preferably combined with a weighted 'transition region that corresponds to the amount of 
5 overlap between the two conebeamSp and reconstructed to produce a volume with almost twice 
the coverage of a single circular orbit The temporal resolution for voxels within the acquired 
volume will range from under T,My/2 to over Tguuy (e.g., from less than 150 to over 300 
milliseconds for the previous exemplary configuration). 

In still yet another axially offset embodiment, conebeam helical computed 

10 tomography imaging (in which (he support element 72 moves linearly simultaneously with 
rotation of the gantzy 20) is performed with the first sourcc-detector pair 22, 30 and flic second 
source-detector pair 24, 34 relatively axially offset by an amount such that both sources 22, 24 
rotate along a common helical orbit or along interleaved helical orbits. This arrangement 
provides improved temporal resolution by simultaneously acquiring helical data at two axially 

1 5 spaced positions. It is contemplated to mount one or both of the radiation source-detector pairs 
using an axially adjustable positioning mount that enables flie relative axial spacing of the two 
source-detector pairs to be selectably adjusted. This enables, for example, the sources to be 
selectably spaced to correspond to a suitable fractional or whole helical pitch of the helical 
orbit 

20 Wiflk reference to FIGURE 6, a single radiation source embodiment is 

described. A stationary gantry 112 has a bore 114 that defines an examination region 116. For 
interventional applications, die bore 114 is preferably a large bore, such as an 800 mm diameter 
bore. A rotating gantry 120 (indicated diagrammatically in FIGURE 6) is rotatably mounted on 
the stationary gantry 114. A single radiation source 122 and associated collimator 126 that 

2 5 cooperatively produces a fan-beam or conebeam are arranged on the rotating gantry 120, The 

radiation source 122 is preferably an x-ray tube. A radiation detector 130 is arranged receive 
radiation 132 produced by the radiation source 122 after the radiation 132 passes through the 
examination region 116. The radiation detector 130 is arranged symmetrically with respect to 
the radiation source 122. That is, a center of the radiation detector 130 is angularly spaced from 
30 flie radiation source 122 at 1 80^ around the gantry. 

A rotational center 138, that is, the center of gantry rotation, is indicated by 
crosshairs in FIGURE 6. The radiation source 122 in cooperation with the collimator 126 
produces the radiation 132 in an expanding fan*-beam or conebeam configuration such that the 
radiation 132 expands at a fan-angle to substantially span the radiation detector 130. Li the 

3 5 symmetric configuration of FIGURE 6, the fan of the radiation 132 is symmetrically disposed 

about tile rotational center 138. The fan angle is preferably large to provide imaging of a large 
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field of view. Imaging in a central region 148 of the examination region 116 is of higher quality 
than imaging in a surrounding region 150. TTus is because imaging in the outiying surrounding 
region 150 is typically degraded due to focus imperfections, increased x-ray scatter, 
reconstruction-related artifiusts, and the like. 

The radiation detector 130 includes a high resolution central portion 152 
mterposed between two low resohition outer portions 154. 156. The outer portions 154. 156 are 
of equal area or angular span so that the radiation detector 130 is symmetric. An imagi«uy line 
or pUme of demarcation 160 is defined that separates projection data acquired by the outer 
portion 154 and the central portion 152. Simiterly. an imaginary Kne or ptene of demarcation 
162 ,s defined that separates projection data acquired by the outer portion 156 and the central 
porton 152. The low resolution outer portions 154. 156 have detector elements of a hrger size 
than detector elements of the central portion 152 of the radiation detector 130. The detector 130 
.s su.tably constructed similarly to the detectors 30. 34 of FIQURB 2. for example by 
mterconnecting array elements of the outer portions 154. 156 to form larger outer detector 
elements. Preferably, an anti-scatter grid 166 fluit includes radiation-absorbing vanes is 
disposed over the mdiation detector 130 to reduce noise due to scattered radiation. OptioiiUly 
the anti-scatter grid 166 has diffei«it vane spacing or vane height, or both, m the central ani 
outer detector portions 154, 156. 

In one preferred embodiment for interventional computed tomognqjhy 
awhcations. the symmetric gant^. of HGURE 6 has the following exemplary dimensions, in 

which all radii arereferem^d to the routional center 138 ofthe rotating gantry 120.Aradius of 
the bore 114 is about 400 mm. providing a large 800 mm diameter opening for accommodating 
an .magmg subject and instrmnents associated with the interventional procedure, ^^^e radiation 
^ 122 is arnmged at a mdius of (MK) mm. whUe the radiation detector 130 is at a radius of 
650 mm. so that the source-to-detector distance is about 1250 mm. The vanes of the anti-scatter 
gnd 166 extend about 50 mm radially inward. The fen angle of the radiation 132 and ti» 
angular ratio of the outer low resolution detector portions 154. 156 to the central high 
resolution portion 152 of Ae radiation detector 130 a« selected to define a radius of the high 
resolution central region 148 of about 200 mm. and a radius of tiie low resolution surrounding 
region 150 of about 300 mm. Jn tins preferred embodiment, flie gantry rotates at about 200 
ipm. TTiese dimensions are exemplary only, tiiose skilled in the art can readfly select 
appropnate dimensions for specific plications. 

In the symmetric embodiment of HGURE 6, an voxels contained in either the 
central region 148 or the surrounding region 150 are continuously irradiated by the radiation 
source 122 during rotation of tite gantry 120 for all gantry angles. Assuming a ISO" angular 
span of prejections is sufiBcient to reconstruct a voxel, this gives an average temporal 
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resolution for voxels contained in either the central region 148 or the surrounding legion ISO of 
about: 



2f_ (2). 



where T^^ is the period of gantry rotation. ^ is the gantry rotation frequency, and t,«^ 
is the temporal resolution for voxels. For an exemplary gantry rotation rate of f„rty-200 rpm, 
Tp«qr300 milliseconds and t,i^«,rt,^150 milliseconds. 

The spatial resolution is determined in part by the detector array resolution. In 
an exemplary embodiment, the central portion 152 of the radiation detector 130 has 0.75 mm 
elements, while in the outer portions 154, 156 neighboring detectors are intercomiected to give 
a 1.5 mm resolution in the ftn direcHon. The non-stationaiy transition filter F„ of HGURE 4 is 
suitably ployed to smooth a transition region between the 0.75 mm resolution and 1.5 mm 
resolution regions. However, because only one radiation source 122 is used for imaging, the 
weigihting windows of HGURE 5 are modified in that a 180»+180» weighting is applied to all 
15 voxels both in the central region 148 and in the surrounding region 150. 

The use of radiation detector 130 with die high resolution central portion 152 
and the outer low resolution portions 154, 156 beneficially increases reconstruction speed by 
wducmg the amount of data for voxehi in the surrounding region 150 which are of less interest 
for performing die interventional procedure. Optionally, the collimator 126 is symmetrically 
adjustable between the illustrated wide beam that is substantially coextensive with the radiation 
detector 130 and provides a huge field of view, and a narrow beam (for example, restricted to 
the lines of demarcation 160. 162) that elimmates data at large fim angle to reduce radiation 
exposure at die expense of a narrower field of view. 

The mvention has been described with reference to die preferred embodiments. 
Obviously, modifications and alterations will occur to others upon readmg and understanding 
the preceding detailed description. It is intended that die invention be construed as mcluding 
all such modifications and alterations insofar as tiiey come widiin die scope of die appended 
claims or the equivalents thereof. . i 
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17 
Claims 



Havtqg described the prefened embodiments* the invention is now claimed to be: 

1. A conq>utcd tomography imaging system including: 

a rotating gantry (20) defming an examination region (16); 

a first radiation source (22) disposed on the rotating gantiy (20) and airanged to emit 
first radiation (32) into the examination region (16); 

a second radiation source (24) disposed on the rotating gantry (20) and arranged to 
emit second radiation 06) into the examination region (16), the second radiation source (24) 
being angularly spaced around &e gantry fiom the first radiation source (22); 

a first radiation detector ^0, 30*) arranged to receive the first radiation (32), a center of 
the first mdiation detector (30, 30') being angularly spaced around the gantry from the first 
radiation source (22) by less than 180^; 

a second radiation detector 04) arranged to receive tfie second radiation (36), a cento- 
of the second radiation detector (34) being angularly spaced around the gantiy fiom the second 
radiation source (24) by less than ISO""; and 

a reconstruction processor (86) tfmt reconstructs projection data acquired during gantry 
rotation by the fffst and second radiation detectors (30, 30% 34) into one or more image 
representations. 

2. The computcd'tomography imaging syston as set forth in claim 1, wherein the first 
radiation detector (30, 30') includes: 

a high resolution portion (54, 54') having detector elements of a first size; and 
a low resolution portion (56, 56') having detector elements of a second size, the second 
size being larger than fhe first size. 

3. The computed tomography imaging system as set f6r& in claim 2, wherein the 
second radiation detectra- (34) includes: 

a hig^ resolution portion (60) having detector elements of the first size; and 
a low resolution portion (62) having detector elements of the second size; 
wherein Has hig)i resolution portions (54, 54% 60) of the first and second radiation 
detectivs 30\ 34) are airanged angularly between the low resolution portioas (5<^ 56', 62) 
of die fnst and second radiati<m detectors (30, 30', 34) on flie rotating gantry (20). 

4. The computed tomography imagmg system as set forth in claim 3, further including: 
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a non^tationaiy filter (80, 82) that smooths a transition between projection data 
acquired by the low resolution portions (56, 56% 62) of the first and second radiation detector 
arrays (30, 30', 34) and projection data acquired by the high resolution portions ($4, 54', 60) of 
the first and second radiation detector arrays 30% 34). 

5. The oonq>utBd tomography imaging system as set forth in claim 2, wherein: 

the angular spacing of the first radiation detector (30, 30') from the first radiation 
source (22) by less than 180^ defines symmetric and asymmetric beam components of the first 
radiation (32), the symmetric beam component being centered on a rotational center (38) of the 
rotating gantry OtO); 

the high resolution portion (54, 54*) of tiie first radiation detector (30, 30') is arranged 
to receive tiw symmetric beam component and 

the low resolution portion (56, 56*) of tiie first radiation detector (30, SO") is arranged 
to receive the aqrmmetric beam cmnponent 

6. The computed tomography imagfaig system as set forth in claim 1, wherein tiie first 
and second radiation detectors (30, 30% 34) each span greater than 90" around the gantry (20). 

7. The computed tomography imaging system as set forth in claim 1, wherein the 
second radiation source (24) is angularly spaced fiom tiie first radiation souroe (22) by 90". • 

8. The computed tomography imaging system as set fortii in claim 1, wherein the 
second radiation source (24) is anguterly spaced fiom tiie first radiation source (22) by at least 
90», and each of tiie first and second radiation detectors (30, 30', 34) spans greater tiian 90° 
around tiie gantry (20). 

9. The computed tomography imaging system as set forth in ctoiml,wheremttie first 
and second radiation sources (22, 24) lie in a plane parallel to a ptone of »mtry rotation. 

10. The computed tomography imaging system as set forth in claim 1, wherein tiie first 
and second radiation sources (22, 24) are relatively o£&et in an axial direction (z) by one-half 
of an axial 8pacing ,of detector elements of the first and second radiation detectors 30% 34). 

11. The conq)uted tomography imaging system as set forth in claim 1, wherem tiie first 
and second radiation sources (22, 24) are relatively offset in an axial direction (z) by less tiian 
an axial dimension of the conebeam at a scan-center. 
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12. The computed tomography imaging system as set forth in claim 1, wherein the first* 
and second radiation sources (22, 24) are conebeam radiation sources, and the first and second 
radiation detectors (30, 30', 34) art twonlimensional amys, the computed tomography imaging 
system fiirther including: 

a support element (72) for supporting an associated imaging subject in the examination 
region (16). the support element (72) being linearly movable in an axial direction (z). 
simultaneous gantry rotation and axial motion of the support element (72) effecting a helical 
orbit of the first and second radiation sources (22, 24) relative to the associated imaging subject 
during acquisition of tfie projection data. 

13. The computed tomography imaging system as set forth in claim 12, wherein the 
first and second radiation sources (22, 24) are relatively of&et in the axial direction (z) by an 
amount such that the second radiation source (24) follows the first radiation source (22) along 
the helical orbit 

14. The computed tomography imaging ^tem as set forth in claim 1, wherein: 

the first radiation detector (30. 30*) includes a first anti-scatter grid (M, 66') focused on 
the first radiation source (22); and 

the second radiation detector (34) includes a second anti-scatter grid (68) focused on 
the second radiation source (24). 

15. The computed tomography imaging system as set forth in claim 1, wherein: 

a first radiation energy of the first radiation (32) is diiferent fiom a second radiation 
energy of the second radiation (36); and 

. the reconstruction processor (86) reconstructs projection data acquired by the first and 
second radiation detector arrays (30, 30', 34) into one or more combined image representations 
having contributions fi^m projection data acquired by the first and second radiation detector 
arr^(30,30«,34). 

16. The computed tomography imaging system as set forth in claini 1, further 
including: 

a radiation source control (70) that alternates between generating radiation by the first 
radiation source (22) and generating radiation by the second radiation source (24) such that the 
first and second radiation sources (22, 24) are not simultaneously generating radiation. 
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17. The oomputed tomography imaging atystem as set fordi in claim 1, wherein tfie 
reconstruction processor (86) includes: 

a backprojector (iM); and 

a weighting processor (92) that applies a weighting function to projection data prior to 
backprojecting, the weighting processor (92) applying a first weighting function to projection 
data for reconstruction of voxels in a central region (48) of the examination region (16). the 
weighting processor applying a second weighting function for reconstruction of voxels outside 
the central region (48), the second weighting function being dependent upon a distance of the 
voxel firom flie center of rotation (38). 

18. The computed tomography imaging system as set fordi in claim 1, further 
inchiding: 

a first asymmetrically adjustable collimator (26) for adjusting an edge of the first 
radiation (32); and 

a second asymmetrically acUustable collimator for adjusting an edge of the secimd 
radiation (36). 

19. A computed tomography imaging system including: 

a rotating gantry (20, 120) defining an examination region (16, 116), the examination 
region (16, 116) including a central region (48, 148) that contams a center of rotation (38, 138) 
of the rotating gantry (20, 120) and a surrounding region (50, 150) that surrounds the central 
region (48, 148). the rotating gantry (20, 120) fiirther defining a gantry plane of gantry rotation 
and an axial direction (z); 

a first radiation source (22, 122) disposed on the rotating gantry (20, 120), the first 
radiation source (22, 122) producing first radiation (32, 132) directed into the examination 
region (16, 116); 

a first radiation detector array (30, 30', 130) ananged to receive the first radiation (32, 
132) after the first radiation (32, 132) passes flirough the examination region (16, 116), the first 
detector amy (30, 30*, 130) including: 

a high resolution portion (54, 54', 152) with detector elements of a first 

size that recede first radiation (32, 132) that passes through the central region 

(48, 148), and 

a low resolution portion (56, 56', 154, 156) with detector elements of a 
second size that receive first radiation (32, 132) fbat passes throu^ the 
surrounding region (50, 150) but not Qte central region (48, 148), 
wherein the second size is larger iban fbe first size; and 
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a reconstruction processor (86) that reconstnicta projection data acquiied during gantry 
rotation by at least the first radiation detector array (30, 30*, 130) into an image repitsentation. 

20. The computed tomography imaging system as set forth in claim 19, further 
including: 

a second radiation source (24) disposed on the rotating gantry (20), the second 
radiation source (24) being positioned at an angular offset on the rotating gantry (20) relative to 
the first radiation source (22), the second radiation source (24) producing second radiation p6) 
directed into the examination region (16); 

a second radiaUon detector array (34) arranged to receive flie second radiation (36) 
after the second radiation (36) passes through the examination region (16). the second detector 
array 04) including: 

a high resolution portion (60) with detector elements of a third size 
that receive second radiation (36) that passes through the central r^on (48), 
and 

a low resolution portion (62) with detector elements of a fourth size 
that receive second radiation that passes ttirough flie surrounding region (SO) 
but not the central region (48), 
wherein the fourth size is larger than the third size, and the reconstruction processor (Jtf) 
reconstructs projection data acquired during gantry rotation by both the first and second 
radiation detector arrays (30, 34) into one or more image representations. 

21. The computed tomography imaging system as set forth in claim 20, wherein the 
furst and second radiation detector arrays (30, 34) together define a single unitary radiation 
detector array, the single unitary radiation detector array including: 

a central high resolution portion defined by the high resolution portions (54, 60) of the 
first and secondtadiation detector arrays (30, 34); 

a first outer low resolution portion defined by the low resolution portion (56) of the 
first radiation detector array (30); and 

a second outer low resolution portion defined by the low resolution portion (62) of the 
second radiation detector array (34), wherein the central high resolution portion is arranged 
between the first and second outer low resolution portions. 



22. The computed tomography imaging system as set forth in claim 20, wherein die 
high resolution portions (54, 54% 60) of the firat and second radiation detector arrays (30, 30', 
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34) arc arranged on the rotating gantiy (20) between the low resolution portions (56, 56\ 62) of 
the first and second radiation detector arrays (30, 30% 34). 

23. The computed tomography imaging system as set forth in claim 20, wherein the 
reconstruction processor (86) includes: 

a |)ackprojector (94); and 

a weighting processor (92) that weights the projection data prior to backprojecting, the 
weighting processor (92) applying: 

90'* weighting windows for backprojecting vpxels in the central region 
(48) of the examination region (16), 

ISC'* weighting windows for bacIq>rojecting voxels in flie surrounding 
region (50) of tiie examination region (16), and 

asymmetric weighting windows for backprojecting voxels in a 
transition region intermediate between the central region (48) and flie 
surrounding region (50). 

24. The computed tomograplv imaging system as set forth in claim 19, wherein the 
low resolution portion (154, 15Q includes two low resolution sub-portions (154, 156) of equal 
size, the high resolution portion (152) being disposed between the two low resolution 
sub-portions (154, 156) such that the first radiation detector array (130) is a symmetric detector 
array. 

25. The computed tomography imaging system as set forth in claim 19, wherein each 
detector element of the low resolution portion (56, 56', 154, 156) includes a plurality of 
detector elements of the first size that are electrically intercormected. 

26. A computed tomography imaging method including: 

passing first radiation (32, 132) through an examination region (16, 116), the 
examination region (16, 116) including a central region (48, 148) and a sunrounding region (SO, 
150); 

measuring central projections corresponding to rays of first radiation (32, 132) that 
intersect the central region (48, 148), the measuri^ig using a first hi^-resolution detector array 
(54, 54% 152) that has a first spacing of detector elements; 

measuring surrounding projections con^ponding to rays of first r^ation (32, 132) 
that intersect the surrounding region (50, 150) without intersecting the central region (48, 148), 



) 
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the measuring using a first low-resolution detector array (56, 56% 154, 156) that has a second 
spacing of detector elements, the second spacing being larger than die first spacinR and 

reconstructing the central projections and the surrounding projections to generate a 
reconstructed image representation. 

27. The method as set forth in claim 26, further including: 
passing second radiation (36) through the examination region (16); 

measuring central projections corresponding to rays of second radiation (36) that 
intersect the central region (48), the measuring using a second high-resolution detector array 
(60) that has the first spacing of detector elements; 

measuring surrounding projections corresponding to rays of second radiation (36) that 
intersect the surrounding region (50) without intersecting the central region (48), the measuring 
using a second low-resolution detector array (62) that has the second spacing of detector 
elements. 

28. The method as set forth in claim 27, wherein tfie first radiation (32) is substantially 
monochromatic at a first energy and the second radiation (36) is substantially monochromatic 
at a second energy that is different fi-om the first energy, and ttie reconstructing includes: 

reconstructing the central projections measured using the first high-resolution detector 
array (54, 54') and the surrounding projections measured using the first low-resolution detector 
array (56, 560 to generate a first reconstructed image representation; and 

reconstructing the central projections measured using the second high-resolution 
detector array (60) and the surrounding projections measured using the second low-resolution 
detector array (62) to generate a second reconstructed image representation. 

. 29. The mediod as set forth in claim 27, wherein the passing of the first radiation (32) 
and the passing of the second radiation (36) do not overlap temporally. 

30. The meUiod as set forA in claim 27, wherein tfie reconstructing includes: 
combining 90^ contiguous angular segments of central projections during 

reconstructing of voxels within tfie central rogion (48, 148); and 

combining 180° contiguous angular segments of central and surrounding projections 
during reconstructing of voxels in flie surrounding region (50, ISO) outside a transition radius. 

31. A computed tomography imaging method including: 
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passing first and second angularly rotating and angularly ofibet asymmetrio radiation 
beams (32, 36) through an examination region (16), th^ first and second angularly rotating and 
angularly offset asymmetric radiation beams (32, 36) defining a central region (48) that ia 
continuously sampled by both first and second asymmetric radiation beams (32, 36) during the 
angular rotating and a sunrounding region (SO) that is not sampled over a portion of the angular 
rotating; 

detecting the first and second asymmetric radiation beams (32, 36) after said beams 
pass through the examiqation region (16) to generate first and second radiation projection data; 
and 

reconstructing voxels based on the first and second radiation projection data, (he 
reconstructing including smoothing projection data of voxels in a transition region (T) between 
fte central region (48) and tiie surrounding region (SO). 
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COMPUTED TOMOGRAPHY SCANNER IVITH LARGE GANTRY BORE 

Abstract of the Dtecloanrii 

A computed tomography scanner includes a rotating gantry (20) defining an 
escamination region (1^. A first radiation source (22) is di^sed on the rotating gantry (20) 
and emits first radiation (J2) into the examination region (1<Q. A second radiation source (24) 
is disposed on the rotating gantry (20) and enoits second radiation (36) into the examination 
regi(Mi (IQ. The second radiation source (24) is angularly spaced around the gantry from tiie 
first radiation source (22). A first radiation detector (30, 30*) receives the first radiation (32). A 
center of the first radiation detector po, 30*) is angularly spaced around tiie gantry from die 
first radiation source (22) by less dian 180*. A second radiation detector (34) receives the 
second radiation A center of the second radiation detector (34) is angularly spaced around 
die gantry from die second radiation soutve (24) by less than 180". 
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